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AN INVESTIGATION | 

Into 

THE RELATIVE VALUE OF AUTOMATIC CUT-OFF AND THROTTOE | 
GOVERNING, AS INDICATED BY STBAM CONSUMPTION, | 

| 

| 

| 

Pits bit ae | 

| 

| 


This would seem to be a closed question as far as | 


= American practice is concerned. The more compact form of 
‘ é 
~ the shaft governor, and its sreater freedom from accident, 


due to the absence of driving sears, have done much to com- 


mend ite In the matter of steam consumption, it is sener- 


| 

| 

| 

} 
ally stated that the fact of the automatic cut-off sovernor 
usins steam expansively more than covnteracts the super- 

-|| heating of the throttle Sovernor in its effect on the effi- 


or 
s || Giency. 


In the actual test, an effort was made to determine 


the truth of this assertion. The enéine used was a Neston 
High Speed Automatic, ouilt by the Weston Engine Company, 
of Painted Post, New York. 
The dimensions were:- 
pamaeter of Sesnder. 4 ye 
beesth of Siroke 4. oe. ° a 
Diameter of Piston Rod. . .. 5 ie ad 
Rated Horse Power . .«. . ° ° 15 


The engine was equipped with a centrifugal governor, a 


photograph of which is shown with the fly-wheel. 


The weights shown fly out under the action of centrif- 


ugal force, this action being opposed by the springs. fihen 
the centrifugal force is sufficient to overcome the tension 
of the springs, the weishts act on the levers to which they 
are pinned through the links shown, moving the eccentric 


across the shaft and thus shortening the valve travel. To 


permit of this action, the eccéntric is freely suspended 
from a pivot on one of the arms of the fly-wheel. 

The other Sovernor used was a Gardner governor, of the 
common fly-ball type, a photograph of which is shown elons 
with the seneral eine chic for driving it.. The balls 


move out under the action of centrifugal force and the links 


to which they are attached being pinned so as to act as le- | 


vers, their other ends press down on a suai shaft to which 
& dalanced valve is attached. This valve being placed in 
the main steam pipe, controls the supply of steam to the en- 
Sine. The pressure against which the centrifugal force 
acts is provided by @ spring which seesnia on one end of a 


lever, the other end of which is fixed to the small shaft 


bes i . * 
carryins the balanced valve. This pressure can be varied 


(1/4) cut-off with the throttle governor. It was found, 


by tishteninés or loosening a set screw which regulates the 
pressure on the sprins. 

In order to allow the engine to be run with the throt- 
tle A gene. the weishts of the shaft Sovernor were pre~ 


vented from acting by placing the blocks on the arms of the 


fly-wheel, which are shown in the photograph of the latter. 
These blocks oppose the moving out of the levers to which 
the weights are attached beyond a certain point. The dis- 


tance which these levers are allowed to move determines the | 


cut-off for the throttle governor, since it should not be 
less than that to which they would move if free under the 
heaviest load applied. If the reverse should be the case, 
the shaft Sovernor would act and the test be aa, 


At first the blocks were set so as to sive one quarter 


however, under the heavier loads that the shaft sovernor 


acted and the blocks were changed so as to sive five-eisghths 


(5/8) cut-off. Under this arrangement no tendency was ob- 
served for the shaft governor to act, even under the heav- 


iest loads. 


The driving of the throttle governor was effected by | 


means of a belt driven directly from the shaft, as shown in 
the ohotograoh. The mein steam vipve was broken and a U 


| shaved line of pipe put in at right angles to the old pipe. 


In the center of the upper arm of this U-shaned line a calor 


imeter, not shown in the photograph, was placed. In the 
centre of the lower arm the throttle sovernor was set so as 
to have its driving pulley in line with the outer end of the 
| main shaft of the engine. It fortunately happened that the 
Gardner governor was designed to run at two hundred revolu- 
pedons tie the engine ran at about three hundred and forty. 
As the pulley of the governor was five inches in diameter 
and the shaft three inches, the desired reduction was effect 


ed without any further searing.as 3°: 5 = 200°: 333.3 . 


The lubricator was connected: across the vertical end of the 
piping while a second calorimeter was placed in the main 


steam pine just above the throttle valve. The function of 


this calorimeter was to determine the quality of the steam 
| 

| 

after passing through the governor. The office of the first 


Pooh ieseenes was to determine the avality of the steam charset 


| 
| 
i 
| 
| 
| 
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asainst the engine. 


The exhaust steam was taken care of by a surface conden: 


SSeS 


ser and was received in a tank and weighed after condensa- 


= 
An Asheroft revolution counter indicated the number of 


revolutions, while the load was applied by means of a Prony 


orake. 


METHOD OF CONDUCTING TESTS, 


All readings were taken as nearly as possible at ten 


minute intervals, The water was allowed to run into buckets 


so as to prevent backing vp in the condenser. At the moment 


of beginning the test the revolution reading was taken. The 


jpive carrying the condensed steam was taken from the buck et 


and placed in the tank, the zere reading of the tank scales 


\ihaving been previously taken. ‘The uoper and lower thermon- 


eters and vressure gauge of the upper calorimeter were then 


meter durins throttle tests. Indicator cards were then tak- 


| 


| 

| | 
read, and the same readings were taken on the lower calori- | 
| 

| 

\ 

| 

| 


en and the load on the brake kept constant. About one miny 


o1 


i 
i 


ute before the time to take the next reading the pipe was 
taken out of the tank and placed in a bucket. Immediately 


after taking the revolutions the pipe was transferred to 
another bucket. The time of changing buckets was taken and 


the water in the first bucket was thrown into the tank and 


weished with the water for the first ten minutes. The vipe 


was then put in the tank with the water that had flown into 
the second bucket. By means of this method the water con- | 


sumption for every ten minutes was determined. As a check, 


these ten minute quantities were added tod¢ether and compared 
with the total as found by subtractins the weisht of the 


tank empty from the weisht of the tank full. 


INSTRUMENTS USED, 
4, Head Indicator ~*3071 (Thompson) 


Ze Crank Indicator * 23983 (Thompson) 


3. Indicator Springs #3071 and #8383 
4, Fairbanks Scales #661927 and #6028595 


S. Ashcroft Revolution Counter 


8. Four Thernometers (Reading from 0° to 4(O0° F.) 


o> 


a 


ne 


OALIBRATION OF INSTRUMENTS, 
The gauges were tested on a Crosby suage tester; the 
results being as given in the tables. 


The indicator sorings were calibrated with the aid of 


the gause calibration curves, in the standard manner. 
The caidas were ie shown in the tables. 

The scales were tested by observing the difference in 
the readings before and after a fifty pound standard weisnt 


was applied. 


‘An error of one-half pound in fifty = 1%, was found in 


the brake scale #661927. 


| 
| 
| 


| 
{ 
The dimensions of the engine as used in the calculation 


| 


| 


METHOD OF WORKING UP RESULTS, 


—— 


were:~ 


Stroke . ; « se ‘ 7,98” 


Diameter. e ® r e ® a 


Diameter of Piston Rod . «. 1 1/8” 
Deen of Piston (head) «ow BGa87. 80. iNe | 


fs id Crank ° ei ieee 80+. LNs 


788 * 25/87 


| 
| The engine constant for the head end is therefore: 
| 
{ 


ie as ae as pn pig rng goa = SR BBS 
37x" S000 » 000565 


jt 


and for the crank end: 


7,98 * Boga? 


OMS LD GAR TID ONG OM SME lle TMD TA MD AD A 


12 x 33000 


" 


» 000550 


| 


taken during the test sive the norse~power. 


lwhile the number of revolutions was 335.7 


® 


/ i 


steam at 100 los. sgause vressure, in every casée 


Gone by first finding the guality of the steam. 


of pounds of steam used was reduced to pounds of saturated 


These constants multivlied by the number of revolutions 


the scale of the spring and the mean ordinate of the cards 


For instance in the test of May 21, 1901, the mean head 


- aammaana was .338” while the nean crank ordinate was,188”, 


The head horse~power = 338 x 52.2 x .000569 x 325.7 = 3.34 
and the crank ” = .488 =x 51.94% .00055 x 335.7 = 1,80 
The horse~power of the engine is . . . . 5214 


therefore 5.14 for this test; 52.2 and 51.94 being the 
scales of the head and crank springs, respectively. 


In order to have a standard for comparison, the numoer 


a 


This was 


A-gabori- 


i —————— SS 


2a a 


meter, as before stated, was placed in the main steam vive. 


This consisted of a line of pivins which had its orisin in 


2 plugged piece of one-half inch pive fitted into the main 
atoak vive and threaded so as to be nearly in contact with 
the opposite side of the steam is, In this piece, six- 
teen ouarter-inch holes were bored and the steam led 
throush then to a diaphragm with a quarber~inch hole in 
the centre through which it was allowed to expand in the o- 
pen air. 

The temperature of the steam: entering and leaving this 


arrangement was measured by two (2) four hundred degree 


thermometers. A gauge gave the steam pressure at entrance. 


This pressure in the test mentioned was 95.7. On consult- 


ind the calibration curve of the gauge (#199434), this was 


found to correspond to an actual pressure of 93.2 lbs. a-~ 


= 


bove atmosphere or a pressure of 98,2 + 14.7 


i 


107.9-1bs. 


absolute. In Peabody’s steam tables this was found to cory 


respond to a temperature of 388413" 8. 


The average reading of the upper thermometer was 


324,9°. and as this was obtained by changing the upper and 


poy 


ee 


ey 


fence 
see Ae Ne ae 


' 


333.13 - 324.9 = 8.25 revresented the loss due to radiation. 
The calorimeter however was carefully lassed with hair felt. 
The actual temverature of the steam leaving was there- 
fore assumed tobe £79,1°4.8.25 = AS7 ems 

sh 


Th ats were now eauated since the total heat is the 


43) 


4) 


same on both sides of the dianhrasm less a slight loss due 
to radiation. 
i+ y 2.2 gt + rt 4 s42:42 ae } 
sup sat 
Where gq is the heat of the liquid, x the provortion of 


steam to a pound of the mixture and r the number of heat 


units required to vaporize a pound of the liauid at the ob- 


lower side, and since the pressure is that of the atmosphere, 
144.7 lbs. being the mean, a will always be 180.8 and r 985.8. 


Ihe last term is the number of dedrees of superheatins mul 


inlied by the specific heat of steam at constant pressure, 
the steam becoming superheated from the sudden drop in pres~ 


SuP€e 


Proceeding as above described in the test mentioned and 


served pressure, gt and ri are the same for the steam on the] 


10 


nn ARE A A A 
| 


303.7 + x x 879.9 = 180.8 + 965.8 + .48 ( 287.3 - 212) 


B79 

Lif Ge 

= Me OR ee ale ota co = 008 
a . 879.9 : 


) 
| 

| taking our values from Peabody’s tables: 

| 

. 

| 

| 

| The total avantity of condensed steam received from 
the condenser was 282 los., the test having lasted for one 


hour. The total amount of dry steam used by the engine 


was therefore 


as the heat contained in the entrained water is of no value 
|| As the pressure varied in the different tests it was 
decided to reduce the steam consumption to terms of #100 


gauge pressure, steam considered as dry and saturated. 


| From the tables one pound of such steam has 1184.€ heat u- 


| nits in ite The number of pounds of such steam equal to 


879.9 + 303.7 1183.5 
for 281.5 KR ae oe oe ah HD AR ERD HA NE es AD OD = deb mh ed ee < 281.8 
. 184.8 1184.3 


Also the number cf pounds per horse-power hour was 
4165.6 x 281.6 
Saco new wenn = 54,73 


1184.8 x 5.14 


The lower calorimeter was used in the same way as the 


upper one as described, and its only object was to ascertaly 


| the number of pounds of steam as used in the test is there-| 


11 


the extent of the suverheatins due to the throttle sovernor, 
The results of the observations on this were worked up in 


exactly the way described. 


The curve of water consumption per one horse power hour 


shows vretty clearly the relative values. The water con- 


sumption under small loads is high in both cases. For medir 


um loads the throttle would seem to excel while for heavy 


loads the two are about eaual. It is to be remembered, howr 


ever that at full load on the throttle governor the pressurgs 


poth sides of the throttle valve are about equal, and the 
Superheat ing is nilbikewise with the cut off Sovernor at 
very hitch loads the cut-off is late and conditions similar 
to those with the throttle sovernor. It was expected therd 


= 


fore that the water consumptions would be nearly eaual. 


In only one case was there suverheatins to any great ex 
tent, at the lowest load, and it may be stated that with 
this load and suverheating the steam consumotion was greater 


than with a similar load on the cut-off governor. 
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